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WIRE SENSING AND MEASUREMENT 
APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a wire 
sensing and measurement apparatus, and more particu 
larly to such an apparatus for use in a wire pull machine 
for pull testing of electrical circuit wires. 
Wire pull testing machines are used to determine the 

bond strength of leads which are attached to circuits. 
Machines of this type are described, for example, in 
U.S. Pat. Nos. 4,453,414 of Ronemus et al., 3,564,911 of 
Slemmons et al., and 3,572,108 of McShane et al. Gener 
ally, these machines comprise a wire hook member for 
hooking under a lead which is then moved away from 
the lead to apply a pulling force to the lead to test its 
strength. In some machines of this type a predetermined 
force is applied to the lead to test whether or not it will 
break or separate from the circuit under such loads. In 
other machines the wire is destructively tested by pull 
ing until the wire or bond fails, and the force required is 
measured and used to adjust the wire bonding equip 
ment, if necessary. 
One problem with these wire pull testing machines is 

that they are commonly positioned by eye. This can be 
a problem in very small scale, microelectronic circuits 
involving many wire leads, since there is a good chance 
that the operator may miss one or more of the leads. 
Some automatic wire pull machines have been proposed 
which are programmed with all the wire positions and 
automatically position the pull hook beneath each 
stored wire position. However, these machines are also 
not sufficiently accurate since the position of all the 
wires in the circuit need not necessarily correspond 
precisely with the expected, stored wire position, for 
example if they have been displaced for some reason. In 
this case the machine will miss some of the wires alto 
gether, as it is only capable of moving the hook sequen 
tially to the stored wire positions. This results in an 
incomplete, and therefore unsatisfactory, test. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
apparatus for detecting and measuring wires, which is 
particularly suitable for use in a wire pull testing ma 
chine. 
According to the present invention a wire detecting 

and measurement apparatus is provided, which com 
prises an optical ?ber formed into a hook at one end, a 
pulse generating device connected to the opposite end 
of the ?ber for transmitting a continuous stream of 
optical pulses along the fiber, and a pulse detector situ 
ated opposite the hooked end of the ?ber for detecting 
optical pulses transmitted from the free end of the ?ber. 
The detector is connected to a missing pulse counter for 
detecting any missing pulses in the stream of pulses 
detected from the hooked end of the ?ber. The presence 
of one or more missing pulses indicates the presence of 
an object, such as a wire, in the path of pulses emitted 
from the free, hooked end of the ?ber. . 
The free, hooked end of the ?ber is polished to form 

a lens for emitting light pulses from the free end of the 
hook. 

Preferably the hooked end of the ?ber is moved be 
neath expected wire positions automatically and its 
position adjusted until a missing pulse is detected. This 
indicates the precise wire position. The hooked end is 
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2 
moved beneath the wire at a ?xed speed so that the 
number of missing pulses provides an indication of the 
wire diameter. The missing pulse detector preferably 
includes a counter for counting the number of missing 
pulses to provide an indication of wire diameter. 
The wire detecting and measurement apparatus pref 

erably comprises part of an automatic wire pull testing 
machine, including a computer for storing information 
on the expected position of each wire in a circuit, and a 
hook drive or positioner controlled by the computer 
and linked to the optical ?ber for moving the hook to 
each expected wire position successively. The com 
puter controls the hook positioner to move the hook to 
the vicinity of an expected wire position, and then to 
scan with the hook transversely in a linear path across 
the expected wire position, monitoring the output of the 
missing pulse detector during the scan. As soon as a 
missing pulse is detected, the computer will position the 
hook for the wire pull test, calculate the wire diameter 
from the number of missing pulses counted, and set the 
wire pull loading according to the wire diameter. The 
wire is then pulled. After the pull test, the hook will be 
moved to the vicinity of the next stored wire position 
and the procedure will be repeated. An automatic wire 
pull testing machine incorporating the wire detection 
apparatus of this invention can scan and test miniature 
circuits having 700 or more connecting wires quickly 
and more reliably than previous automatic wire testing 
machines. The wire detection apparatus may also be 
included in manual wire pull testing machines to allow 
the operator to detect wire positions while moving the 
hook manually. 
The wire detection and measurement apparatus of 

this invention is not limited to use in wire pull testing 
machines but may be used in any application where 
precise wire location information is desired. It allows a 
wire to be located and measured without requiring any 
form of physical contact with the wire. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood from 
the following detailed description of a preferred em 
bodiment, taken in conjunction with the accompanying 
drawings in which like reference numerals refer to like 
parts and in which: 
FIG. 1 is a perspective view of part of a wire detec 

tion and measurement apparatus according to a pre 
ferred embodiment of the present invention; 
FIG. 2 is an enlarged sectional view of the hook of 

FIG. 1, taken on the lines 2—-2 of FIG. 1; 
FIG. 3 is a schematic arrangement showing the con 

nection of the hook in a control apparatus forming part 
of a wire pull testing machine; and 
FIG. 4 is a block function diagram of the wire test 

apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIGS. 1 to 3 illustrate a wire detection and measure 
ment apparatus 10 according to a preferred embodiment 
of the present invention. In the embodiment illustrated, 
apparatus 10 forms part of a wire pull testing machine 
for testing the bond strength of circuit connecting wires 
12, one of which is shown schematically in FIGS. 1 and 
3. The wire pull testing machine may be of a standard 
type, apart from the modi?cations described below to 
incorporate the apparatus 10. The wire detection and 



4,794,800 
3 

measurement apparatus of this invention is not limited 
to use in wire pull testing machines but may be used in 
other applications where the locations and dimensions 
of wires are required. 
The apparatus 10 basically comprises an optical ?ber 

14 which is shaped to form a hook 16 at one end. The 
opposite end of the ?ber 14 is connected to an infrared 
laser diode source 18, which is connected to the output 
of an electrical pulse generating circuit 20. Electrical 
pulses from circuit 20 generate corresponding optical 
pulses from the laser diode 18 which are transmitted 
along ?ber 14. An infrared light detector 24 is suitably 
mounted above the free end 26 of hook 16 to detect 
pulses emitted from the hook. The detector converts the 
incoming stream of light pulses into electrical pulses at 
its output, which is connected to a suitable missing pulse 
monitor and counter circuit 28. The circuit 28 is a timer 
circuit which times the interval between pulses. If a 
pulse arrives within a predetermined time interval cor 
responding to the interval between pulses transmitted 
from the infrared laser diode, the circuit is reset and the 
timer restarts. If no pulse arrives within the predeter 
mined time interval, the circuit itself begins to generate 
pulses, until the next pulse is received from the detector. 
‘The pulses generated are counted by a suitable counter, 
which may be part of the monitor circuit, to produce an 
output proportional to the diameter of a wire interrupt 
ing the pulsed output from the end of the hook. Alterna 
tively, the pulse output of monitor circuit 28 may be 
input to a computer which counts the number of pulses 
and uses that result to calculate the wire diameter, in a 
manner which will be understood by those skilled in the 
?eld. 
The hook shaped end 16 of ?ber 14 is formed by 

heating and then bending the fiber. In the preferred 
embodiment of the invention, a thin layer of vacuum 
deposited metal is then applied to the hook shaped area 
of the ?ber. A thick plating or layer 25 of metal is then 
applied to the hook to impart greater strength to the 
hook shaped area. The metal coating preferably extends 
along the ?ber from end 26 to a point about halfway 
along the ?ber, as indicated in FIG. 1. The free end 26 
of the hook is polished to form a lens for emitting light 
pulses 30 from end 26. 
As indicated in FIG. 1, the ?ber is mounted on an arm 

32 projecting from support 31 of a conventional wire 
pull machine, which may be of the manual or automatic 
type. The ?ber may be secured by a suitable securing 
device such as bolt 35. A support member 33 extends 
above the arm as shown in FIG. 1 for supporting the 
infrared laser coupled to one end of the optical ?ber and 
also supporting the infrared detector at a position di 
rectly above the free end of hook 16. 

In the preferred embodiment of the invention the 
wire pull machine is of the automatic type which in 
cludes a suitable drive 34 for the arm and a controller or 
computer 36 for automatically operating the drive 34 to 
move the hook to a series of stored wire positions on a 
circuit 38. The machine may be operated either to pull 
test wires to a predetermined loading and then release, 
or may be operated in a destructive mode to pull test 
wires until they break or separate from the circuit. This 
latter mode is generally used in initial set-up of a wire 
bonder for adjusting the bonder setting to produce a 
desired bond strength. 
FIG. 3 is a schematic block diagram illustrating the 

control circuit for controlling movement of the arm 32, 
and thus the hook. In the present invention this circuit 
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4 
is modi?ed to include a connection 40 to the missing 
pulse monitor for providing the controller 36 with pre 
cise wire position information. FIG. 4 is a flow diagram 
of the computer program for controlling movement of 
the hook and application of pull force to the hook. 
The operation of the apparatus shown in FIG. 3 is as 

follows. The computer 36 is programmed to move the 
arm successively into the vicinity of each of a series of 
stored expected wire positions on a circuit (step 42 in 
FIG. 4). The hooked end is scanned in a linear path 
transversely across the expected wire position from a 
position to one side of the expected position and across 
the expected position to the opposite side (step 44). 
During the scan, the computer monitors the output of 
the missing pulse detector circuit (step 46). As soon as 
the wire is positioned between the free end of the hook 
16 and the infrared detector, it interrupts the pulsed 
output from the hooked end of the ?ber, and this inter 
ruption will be detected by the missing pulse monitor. 
The missing pulse monitor will produce one output 
pulse in response to each missing pulse detected, and 
thus the number of output pulses produced by the moni 
tor circuit will be proportional to the wire diameter. 
The transverse speed of the hook together with the 
number of missing pulses detected indicates the actual 
diameter of the wire. 
Once the wire has been located and the number of 

missing pulses counted (step 48), no further scanning is 
required and the controller operates the drive to posi 
tion the hook below the wire (step 50). The positioner 
then pulls up the arm, and thus the hook, pulling up the 
retained wire and testing its strength. The machine may 
either be of the type which applies a predetermined 
pulling force to the wire to test if it is strong enough to 
withstand that force, or of the destructive type which 
pulls the wire until it breaks or the bond fails, to provide 
data on desirable bond strengths to be used in a wire 
bonding machine. Most wire pull testing machines can 
be used in either the destructive or non-destructive 
mode. In the non-destructive case, the wire diameter 
information may be used to adjust the pulling force 
applied to the wire, so that a larger pulling force is 
applied to thicker wires (step 50), before the actual wire 
pulling step 52 is carried out. 
Thus the vicinity of each expected wire position will 

be scanned until an output pulse is received from the 
missing pulse monitor. The hook can then be accurately 
positioned beneath the wire and an upward force can be 
applied to pull test the wire. This substantially reduces 
the risk of wires being missed and the test being incom 
plete. 
The computer then controls the hook drive to move 

the ?ber to the vicinity of the next expected wire posi 
tion, and repeats the scanning process to locate the 
precise position of the wire. With this technique, there 
is considerably less risk of missing some of the wires on 
a circuit, since the position of each expected wire can be 
located, even if the wire is not in the exact position 
expected. The wire pull machine can be made fully 
automatic so that very small scale, miniature circuits 
involving up ,to 700 or more connecting wires can be 
pull tested quickly and relatively accurately. 
The ?ber optic hook is coated with metal as described 

above to impart suf?cient strength to the hook to enable 
it to pull test straight wires. The wire detection and 
measurement apparatus of this invention may be used 
alone or in conjunction with a wire pull test machine as 
described above. In each case the apparatus enables 
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wires to be located and their diameter measured with 
out requiring any form of physical contact with the 
wires. In the case of automatic wire pull testing ma 
chines, this apparatus substantially reduces the risk of 
incomplete testing as the result of misplaced wires. The 
detected wire diameter information allows the pull 
force to be adjusted for thicker or thinner wires. 
Although a preferred embodiment of the present 

invention has been described above by way of example 
only, it will be understood by those skilled in the ?eld 
that modi?cations may be made to the disclosed em 
bodiment without departing from the scope of the in 
vention, which is de?ned by the appended claims. 

I claim: 
1. A wire pull test machine for testing the bond 

strength of connecting wires in an electrical circuit, 
comprising: 

an optical ?ber formed into a hook at one end; 
an optical pulse generator coupled to the opposite 
end of the ?ber for transmitting a continuous 
stream of pulses through the ?ber; 

an optical detector positioned opposite the hooked 
end of the ?ber for detecting optical pulses emitted 
from said hooked end; ‘ 

a missing pulse monitor connected to the optical 
detector for detecting any missing pulses in the 
pulse stream detected by the detector and for pro 
ducing an output control pulse in response to each 
missing pulse detected; 

drive means linked to the optical ?ber for moving the 
hooked end of the ?ber beneath a wire positioned 
on the electrical circuit and for pulling on a wire 
held in the hooked end; and ‘ 

control means linked to the missing pulse monitor and 
to the drive means for controlling movement of the 

5 

20 

25 

30 

35 

45 

50 

55 

65 

6 
?ber comprising means for scanning with the 
hooked end of the ?ber to detect the position of 
each wire on the electrical circuit in response to a 
control pulse from the missing pulse monitor, and 
for applying a pulling force to a wire located in the 
hook in response to detection of a wire. 

2. The machine as claimed in claim 1, wherein the 
hook-shaped end is coated with metal. 

3. The machine as claimed in claim 1, in which the 
free end of the ?ber is formed into a lens. 

4. The machine as claimed in claim 1, including 
counter means connected to the missing pulse monitor 
for counting the output pulses and producing an output 
proportional to the wire diameter. 

5. The machine as claimed in claim 1, wherein the 
pulse generator comprises an infrared laser diode and an 
electrical pulse generator connected to the laser diode. 

6. A method of testing the bond strength of connect 
ing wires in an electrical circuit, comprising the steps of: 

supplying a continuous stream of optical pulses to one 
end of an optical ?ber having its opposite end 
formed into a hook; 

moving the optical ?ber so that its hooked end passes 
transversely beneath an expected wire position on 
the electrical circuit; 

detecting output pulses emitted from the hooked end 
of the ?ber and monitoring the pulses to detect any 
missing pulses in the sequence as the result of a 
wire passing between the hooked end of the ?ber 
and the detector; 

using the missing pulse information to control posi 
tioning of the hook beneath the wire; and 

pulling the hook up relative to the wire to test the 
bond strength. 
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